FFA@CEBAF Working Group|Minutes
Meeting date | time 05/16/2025 | 11 AM EST | Meeting location 
		Meeting called by
	Alex B

	Type of meeting
	Weekly Meeting

	Facilitator	Alex B

	Note taker	Salim

	Timekeeper	Alex B



	Attendees
Alex B, Nick, Rui, Sadiq, Stephen, Kirsten, Donish, Salim, Andrei, Vasiliy, Randy, Dejan, Volker


Intro Discussion
· Might be upgrading dumps for 22 GeV
· BBU study might be needed.
Agenda topics
Time allotted | 25 mins | Agenda topic New Ideas | Presenter Nick
· 
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· FFA ARCs shown in yellow, thanked Ryan for sending the overview. 
· Splitters and transitions making it more challenging for the beam optics. 
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· Kirsten comments that this more of a functional layout. 

[image: Text, letter
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· Nick commented that he has seen higher current machines. Alex responded that those high current beams are unpolarized. 

[image: Text
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· Alex asked onto the last bullet: ‘threshold current dependence on number of passes’, is it seen in simulations or analytical? 
· Nick: simulations. Sadiq commented that Rob Apsimon has done some analytical calculations, yet this was omitted in their PRAB paper. 
· Kirsten emphasized that the Hall D has additional pass, that needs to be addressed.  She asked about 100 uA of current? 
· Nick: from the discussions with Yves and Jay at MCC.
· K: due to SR, we may not be able to deliver 100 uA with highest energy, referring to the SR heat load on the beam screen. Alex: 300 W/m is the limit, so that current can be mitigated. 
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· Alex quoted Andrei such that an intense CEBAF upgrade can be thought of. 

	Action Items
	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 25 mins | Agenda topic CMS | Presenter Rui
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Limited to the first arc, due to higher ARC energies, MBI would be negligible if 1st arc is fine.  
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· Head will accelerate; the tail would decelerate due to CSR. 
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· As an extreme example of Micro Bunching Instability studied for the Circular Cooler Ring at JLAB, referring to C. Tennant’s study. 
[image: Graphical user interface, diagram

AI-generated content may be incorrect.]

[image: Text

AI-generated content may be incorrect.]

[image: Diagram

AI-generated content may be incorrect.]
Two ways to solve this gain: 
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Second way to solve this:
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An example of MBI amplification:
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· R56/momentum compaction impacts the MBI gain. 
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· Comparing the FFA to the other examples:
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· Using the iterative approach to calculate the MBI Gain for the FFA ARC:
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· LSC, Longitudinal Space Charge can be problematic for the 650 MeV injector! LSC can be accumulated through the CEBAF leading density modulation which will translate to energy modulation, CSR.

· Conclusion: CSR is negligible for our FFA ARCs.
· Alex: is it negligible due to the small variation of R56
· Rui: mainly it is the bending radius, bigger rho; the less the CSR impact is. 
· Dejan: 650 MeV recirculating linac injector is the problematic for the CSR.
· Rui: affirmative and also stated that LSC also needs attention.  
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· Rui: emphasized that CSR calculations are start-to-end and this is just for the FFA Arc.
· Alex: Next, spreader and splitter may be included in the CSR Study. 
	Action Items

	Person responsible	Deadline
	
	
	

	
	
	


Time allotted | 10 mins | Agenda topic AOB | Presenter All
· Meeting closed. 
	Action Items
	Person responsible	Deadline
	
	
	

	
	
	


Special notes 

Pathway to Repository: https://jeffersonlab-my.sharepoint.com/:f:/g/personal/tristan_jlab_org/EqZ5MeS-nipCgPfZB5p0oS4B9Is67d3nQb9sLJI3Zyev9g



Page 2
image2.png
3

Acknowledgements

* Thoughts and musings based on discussions with many of you and attending these lively
meetings: J. Benesch, R. Bodenstein, A. Bogaz, K. Deitrick, |. Neththikumara, E. Nissen, E.
Pozdeyev, Y. Roblin, S. Saitiniyazi, T. Satogata, M. Tiefenbach...apologies to anybody | may have
missed

= Thanks to Ryan for letting me borrow some of his slides from his FFA@CEBAF ODU colloquium
Outline:
= Machine layout and constraints

= BBU evaluation for FFA@CEBAF

= Thoughts on a more extensive FFA@CEBAF upgrade (and BBU
considerations)
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Machine Layout and Constraints
= High level view of the layout
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Machine Layout and Constraints cont. e
= Block diagram of the layout (K. Deitrick)
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Machine Layout and Constraints cont.

Must provide beam transport to all halls (A-D)

Linac energy gain is ~1.1 GeV

Maximum single pass current ~100 pA

Preserve existing linacs, spreaders, recombiners, arcs and Hall transport lines

Main design goal is to ~double CEBAF energy from ~11 to ~22 GeV and
minimize upgrade cost

Need to add ~5-6 more passes through the linacs (FFA concept)

Concept is being worked out where challenges are optics and physical space
constraints
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BBU Evaluation for FFA@CEBAF Jsferton Lab

= Look at BBU calculations performed for 6 and 12 GeV upgrade CEBAF machines

= Update linac cavity HOM parameters to what is installed now (12 GeV upgrade)

= Add additional passes for FFA splitters, transitions, arcs for the concept being
designed now

= Threshold currents calculated should be >> 1 mA total current through the linac
(100 pA x 10 passes = 1 mA)

= Sadiq Saitiniyazi has performed multipass BBU calculations for two ERLs with a
code he developed and benchmarked against other codes
= PERLE 6 pass, 120 mA ERL demonstrator with 1JCLab (FR) and Lancaster University (UK)
= EIC 2 pass, 200 mA Strong Hadron Cooling ERL (descoped)
= Some interesting questions:
= Threshold current variation for realistic variations in HOM parameters and (FFA) beam optics
* Threshold current dependence on number of passes (I, ~ 1/(N,?)
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Thoughts on a More Extensive FFA@CEBAF Upgrade S

= Relax the constraint to minimize cost:
= Precedent: APS original upgrade concept was modest at ~$350 million
= $30 million into the original upgrade the plug was pulled (sunk cost) and the new MBA upgrade ended
up at ~$815 million
= JLab is known for SRF technology development-leverage this:

= Built original 1497 MHz 5 — cell niobium cavities (5 MV/m) for CEBAF@6 GeV (1% large scale SRF
accelerator ~1993)

= Since then, SRF R&D increased gradients substantially: C100 cavities get 4x the gradient or 100
MeV/cryomodule

= Designed and built LCLS 1300 MHz cavities with ~120 MeV/cryomodule

= These new designs have their issues (lower realized C100 gradient in CEBAF,
frequently trip, field emission radiation etc.)

= But a large-scale upgrade could provide the resources needed to leverage all the
SRF experience to date to create a robust design with ~100 MeV/cryomodule

= Shorten the linacs by a factor of ~2 keeping 1.1 GeV/linac
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Thoughts on a More Extensive FFA@CEBAF Upgrade

= This immediately makes more physical space:

More (longitudinal) room to optimize optics for FFA splittersftransitions (curly H)
Redesign spreaders and recombiners to make the splitier/transition design less difficult
Make more space between cryomodules to add stronger triplet focusing

Linacs being shorter present a shorter drift at high energies

Can reuse many existing CEBAF magnets/power supplies, perhaps the existing
electromagnetic arcs

Maybe extraction is easier?

= Lowers the cryogenic load on the cryoplant
= Reduces ODH hazard footprint (maybe other tunnel hazards)

= Probably other benefits (and problems) not listed
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Jefferfon Lab

= Very schematic picture of what this looks like:
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Thoughts on a More Extensive FFA@CEBAF Upgrade S

= Some other things that one would want to do in a major upgrade:

Upgrade injector to higher energy
Upgrade diagnostics, timing, LLRF, PS, machine protection systems or aspects of these
systems where it makes sense
Provide synchronized data acquisition at high (kHz) sampling rates for the systems in the
previous bullet to identify sources of beam motion and noise
Use experience with existing feedback systems to design a more integrated system across
the machine and for beam delivery transport lines to the halls
Upgrade conventional facilities to achieve:
= Reasonable tunnel temperature stabilty spec. (+/-1 deg C should be relatively easy to achieve and
likely enough. APS achieves +/-0.1 deg C after large conventional facility upgrade of ~§250 k off
project)
= Decide if cooling water system needs an upgrade and what the spec. is

*  Integrate into EPICS facility temperature measurements and have operations crews work with
facilities crews to maintain stability specs during operations

= Of course, verify stability to BBU of the new design for ~1 mA®
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CSR-induced MBI for an FFA Arc

Rui Li
FFA@CEBAF WG Meeting
5-16-2025
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1. Introduction

+ 22 GeV CEBAF Upgrade Design
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Radiation Power Spectrum for N electrons
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CSR Interaction on a Curved Trajectory
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CSR Effects in a Beamline with Dipoles
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Example: MBI in the CCR of MEIC
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2. MBI Formulas

G. Stupalov and S. Heifts, Phys. Rev. ST Acce. Beams 5, 054402 (2002).

Assumptions: Initial density perturbation 2. Huang and K. Kim Phys. Rev. ST Accel. Beams 5, 074401 (2002)

* Coasting beam + perturbation (A < a;)
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Integral Equation for the MBI Gain
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Kernel K(k; T, 5)
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Solving MBI Gain: Matrix Approach
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Solving MBI Gain: Iterative Approach
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MBI for Two 1.3 GeV High-Energy Recirculation Arcs
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Design Features of FFA@CEBAF

FODO cell: high packing factor ~74%, large dipole radius
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Re(T = 5) for FFA Arc vs. Other Examples
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MBI Gain Estimation
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MBI Gain Estimation (FFA Arc)
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Discussions

Assumptions in the estimation CEBAF Upgrade &
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« Free space

« Constant e, and g5 in each FFA arc

* Only have initial density perturbation

In reality, MBI is a start-to-end integral proces:

For projected emittance growth, what is the
specification for the tolerance of €, and a5
growth?

Figre 2: & conceptal lyoutof the ew 6S0MeV inecor:
SR+ LSC
T

(7 Huane’s comment)




image30.png
Example: Development of Microbunching Instability in an FEL Driver
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